
N91-30220 


RECENT ADVANCEMENTS IN MONOLITHIC AIGaAs/GaAS SOLAR CELLS 

FOR SPACE APPLICATIONS 


K. R. Wickham, B-C. 


Chung M. Klausmeier-Brown, M. S. Kuryla, M. Ladle Ristow, G. F. Virshup, 
VS Corporation and Varian Associates 
3075 Hansen Way, Palo Alto, CA 94303 


J. G. Werthen 


ABSTRACT 

High efficiency, two-terminal, multiiunction AIGaAs/GaAs solar c^lshavebeenreprod^lffy made t wit in 

I5S » r an eflraencv 01 


INTRODUCTION 

In terms of SDace qualified photovoltaic cells, the most important variables to control are: weight, cost 
effictencyTopemffn^MfeUme, Z Ration resis.a This 3 ^, address 

two junction cell is approximately 25 % Currently wo^ac^ ^higne’predioted 

eff^iencieMha^the line shown but they involve lattice mismatched material structures (i.e. AIGaAs/InGaAs) , or 

quaternary materials which are quite difficult to grow repeatably and uniformly. ^ U ,Sw ' ba ndaaD h (l W 0 eV^ 
optimized efficiency tor the same AIGaAs/GaAs cell as the two (unction Mine but inc a towbandgap^O eV) 
InGaAs lower cell. This structure has the potential to achieve efficiencies of up to 31 /<> at 25 C (1 sun, amuj. 

DEVICE GROWTH AND PROCESSING 

The metal interconnect cascade cell (MICC) consists of an u PPf 1 
GaAs cell (both in the n on p configuration) which are connected in series by a metal I *nte P 

diTdrfg C post-growth processing. These cells are grown by atmospheric = PffSS 8 °J^n 
substrates, as described in reference 3. The schematic cross section of an MICC is shown in Fig. 2. 
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and emitter of the GaAs lower cell are grown first. A highly doped AIGaAs window is grown on top of the emitter 

h/S^ h ,L S ^K aC V eC0m , b i na ' l0n veM >' al ,his intertac * Ne * p* and I nn- contact layers are ™ whteh ilSI 
e s orted together during later processing to eliminate the intrinsic p-n junction formed by the two solar cells 

and to connect the two cells in series. The AIGaAs base and emitter o the upper cel are gro»n ned Wowed bv 

r ™ mSa y „?H Ped H A | GaAS ,T, d rJ aye, Final,y ' a GaAs ca P *** is ^ <° ensu^oS ?o y 

the top metal grid, and to protect the device during processing. 

anH .5 3 Sbc ? ws J he Processing sequence used to fabricate the MICC devices. During processing, the front 
rrS k /A me al,Zatl0 ^ a 2 dep0 , Slted by evaporatlon - The rnetalization contact to n-type material includes 
moS| / S- AU ay6 / S t W ' h addltl ° na R/Au layers on the t0 P metal 9rid for easy soldering or welding. The p-type 
py^S th^ n n C0 2nH C S are Au/ f? /Au - A < wlde and a subsequent narrow trench are etched in the upper celMo 
expose the p+ and n+ contact layers of the device. The metal interconnect consists of two evaporated metal 
layers deposited in the trench areas which form good ohmic contacts to the p+ and n+ contact layers. Contact 
resistance after a 400 °C anneal is typically very good, with values below 1x1 O' 5 Q-cm2. An isolation etch is 
performed to allow electrical testing of the devices before they are scribed and separated into individual cells 

Jnafinn ?h A * P ay< ; r ' s selec,lve| y etched aw ay between the gridlines prior to the deposition of the AR 

coating. The two-layer AR coating which includes Ti0 2 and MgO is sputtered onto the exposed AIGaAs window 

° f the ! W ° layersara desi 9 ned to minimize reflection when a prismatic coverglass 
pped 0 the fHP ace „ Thl f cover 9 | ass, supplied by Entech, is a series of lenses which bends light in toward 
gridhnes 6 ° the 06 a ° d aWay fr ° m ,he 9ridlines ' This effective| y eliminates the obscuration caused by the 


DEVICE TESTING 

rpii A T ilnl^t i r 9 n? f ,he d ® vlces always involves a spectral response measurement of both the upper and lower 
Currpnt rPv?m ted current dens 'ty 'is obtained for the upper and lower cell based on the AMO spectrum. 

Current-voltage (l-V) measurements are obtained using a two-color simulator which includes two light sources as 
shown in Fig. 4. The use of two light sources allows the current in each junction to be control 

filter ' Thp S ^t^n«?!tv r It 6 p a nC * 10 n has a 5h on-pass filter, and that for the GaAs junction has a tong-pas^ 
filter. The intensity of each light source is set so that the current density out of each junction matches the 

Afte^^e^la^n^rp^!^ 11 ^ 0 t ? ained ,r0m the Spec,ral reSponse maa ^rement of the 

P a L ® et t0 the appropriate intensity, computer controlled l-V measurements are made The 
reason for using this test method is that any AMO simulator introduces errors because of "spikes" at various 
wavelengths. By using empirical data for the AMO spectrum and obtaining the integrated curren? density from 

RESULTS AND DISCUSSION 

thic K°, U L be ^! MICC ce J' hasan efficienc y of 23.0 %. An l-V curve for this device is shown in Fig. 5. In addition to 
this best result, a manufacturing demonstration has been completed for 0.5 cm2 AIGaAs/GaAs MICCs Twentv- 

S f/rH Were E r0Wn with device structure of an MICC - Each wafer contains XrSeen or sixteen 0 5 
n n (dependin 9 on whether a D-shaped or a square wafer is used. These 22 wafers resulted in 342 cells 
grown. During processing and scribing, 45 of the cells were broken. We hope to reduce this breakaqe rate of 13 
% by using a more pointed scribing tip. All of the cells were put through a screenirS test in wafer form to o° II 

:r a a ^°L th T Pe ? rma T The test method was simp| y to choose one cell onTe wife?, set ile lamp currem 
s ° 1 15 5 mA/cm2 was obtained out of each junction at short circuit, and then test all the devices on the wafer 

wprp 3 ^ h^ph n |>^) 7 S 1 * y | , ^ y domg th j s we get a wafer map of the expected efficiencies for each cell. After the wafers 
were scribed, 297 cells were available for individual efficiency measurements 

.... 1 15 cells which had screening "efficiencies" of at least 20 % were tested with an "electronic" coverglass 

AlCaA* TnHQ C <v V f r9 h SS ^ S ? pplied t0 an MICC the measured increase in device current is 21 % for the upper 
h - 9 ° ,° r he GaAs celL We theref °re simulated the coverglass effect during testing by multiplying 
the corresponding integrated current densities by 21 % (AIGaAs) and 9 % (GaAs). This simulation o/the 

r9 Mirv' Sa h 6 ^i installation time ' and allows the MICCs to undergo subsequent radiation testing Seventv four 
007 C ?K l ; ad a ,?' ual emciencies 01 a ' least 20 %, Therefore, the yield tor good cells fe % Is wSed to 

thes? 115 cel^s C s e hown n in Fin 6 fi /0 Thp COmPa if d H° {he Ce " S Qrown ' A hist0 9ram showing the efficiencies of 

efficiency of 23 V Howpvp^ Hhk k h fhp r G ^ U S d0 ( n ° Sh ° W 3 large number of cells approaching our best MICC 
emciency of 23 /o. However, this is the first manufacturing demonstration of monolithic two junction cells, and 
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improvement in both efficiency and yield is to be expected with tudher process refinements and manufacturing 

InGaAsP cell (ref. 4) which was processed at Varian. The t0 be measured in either a 

junction so that it could be measured independent y, e ^'CCa f £ h C J jn the stack and the results 

two or three ternmna configuration. Table I snows tne aevice pdrarntne » AMn j pc p o/ tkic 

slighfly to allow more "ght into the GaAs celt used* iwd ^t^^rrr^^eff^'el^^olity^twVt^l'yo; 

quantum efficiency of the three junctions in the stack. 

CONCLUSIONS 

™,rs:s =.«ss£S3i 

materials. 
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Table I. - Device parameters for the three junction mechanical stack of an MICC on an InGaAsP < 




Temperature (°C) 


Figure 1 . - Predicted efficiency vs. temperature for selected one-, two-, and three-junction solar cells. 
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Figure 2. - Schematic cross section of the MICC ( not to scale). 



Figure 3. - MICC device processing flow chart 
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Filtering 



Fiber Optic Cables Under Test 


Figure 4. - Testing configuration for l-V measurements of two junction MICCs. 



VOLTAGE (V) 


Figure 5. An l-V curve of the best 0.5 cm 2 MICC, showing the measured device parameters 
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External Quantum Efficiency 


Figure 6. - 


Figure 7. 


AIGaAs/GaAs MICC, 0.5 cm 2 
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Efficiency Histogram for 1 15 of the best 0.5 cm 2 MICC cells produced in the manufacturing 
demonstration. 
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- Spectral Response of the three junction mechanical stack. The stack includes a 0.5 cm 2 MICC 
above a 0.5 cm 2 InGaAsP solar cell. 
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